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Process for manufacturing an electric conductor with 


superconducting cores, and thus manufactured conductor 



Technical field. 

5 The invention relates to a process for 

manufacturing an electric conductor with at least two 
superconducting cores . 

The cores are frequently also referred to as 
filaments. A conductor with several cores or filaments 
10 is frequently referred to as a multicore or 
multifilament conductor . 


Prior art 

WO 96/28 853 A discloses methods for 

15 manufacturing electric conductors with several 

superconducting cores consisting of ceramic material. 
Each core is provided with an inner sheath enclosing it 
in cross-section and comprising silver or a silver 
alloy, with a casing enclosing the inner sheath and 

20 comprising at least one of the metals copper, aluminum, 
nickel, iron, magnesium, titanium, zirconium, calcium, 
tin, niobium, vanadium, tantalum and hafnium and also 
with an outer sheath enclosing the casing and comprising 
silver or a silver alloy. A bundle of cores provided 

25 with such sheaths and casings is then arranged in a tube 
consisting of silver or a silver alloy, lengthened 
together with said tube by plastic deformation and 
shaped into a tape and subjected to at least one heat 
treatment in an oxygen-containing environment. In the 

30 latter, a gas exchange, in particular oxygen exchange, 
takes place between the cores and the environment. The 
ceramic material of the cores is converted into a 
superconducting phase, e.g. the phase Bi(2223). 
Furthermore, the originally metallic casings should be 

35 oxidized in the heat treatment in order electrically to 
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insulate the cores from one another in the finished 
conductor . 

However, experiments with nickel casings have 
shown that the casings are damaged during the heat 
5 treatment, so that there are in some cases large gaps in 
the casings. As a result of this, the various cores are 
electrically insulated from one another only to an 
insufficient extent. Furthermore, the nickel casings 
have a disadvantageous effect on the superconducting 

10 cores during the heat treatment, in particular their 
critical temperature or transition temperature being 
reduced by about 5°C. The damage to the insulating 
casings and the cores is probably caused by chemical 
reactions which take place between the materials of the 

15 cores and casings with the participation of gas, in 
particular oxygen, diffusing through the sheaths and 
casings . 


Summary of the Invention 

20 It is therefore the object of the invention to 

provide a process which overcomes disadvantages of the 
known methods, it being intended in particular to avoid 
the situation where the casings intended for forming an 
electrical insulation adversely affects the 

25 superconducting properties of the cores and results in 
only insufficient electrical insulation. 

This object is achieved, according to the 
invention, by a process for manufacturing an electric 
conductor with at least two elongated, superconducting 

30 cores, each of which is enclosed in cross-section by at 
least one sheath and by a casing, each sheath comprising 
at least one metallic material and being essentially 
electrically conducting and the cores, sheaths and 
casings together being lengthened and together being 

35 subjected to at least one heat treatment in an oxygen- 
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containing environment , characterized in that the 
casings are formed from a casing material which 
comprises at least one metal-oxygen compound even before 
the heat treatment. 
5 The invention furthermore relates to an electric 

conductor with at least two elongated, superconducting 
cores, which is manufactured by the process. 

Advantageous further developments of the subject 
of the invention are evident from the dependent claims . 

10 The cores are preferably formed from a starting 

core material or core-forming material which comprises a 
ceramic material and/or is converted into a ceramic 
material at least by the time of the completion of the 
conductor, so that the cores of the finished conductor 

15 preferably essentially consist of ceramic material. 

Each core may comprise, for example, oxides of bismuth, 
strontium, calcium and copper, which, in the finished 
conductor, consist at least for the most part of a 
superconducting, textured phase. This can be 

20 represented approximately by the formula Bi 2 Sr2Ca2Cu30io, 
but may also contain a little lead oxide and/or 
magnesium oxide and/or titanium oxide and is frequently 
referred to as Bi(2223) for short. The cores may 
instead comprise the superconducting phase 

25 Bi 2 Sr2CaiCu208_x/ which is denoted by Bi(2212) for short. 

The cores may furthermore comprise oxides of yttrium or 
rare earths, barium and copper - for example one of the 
superconducting phases Y(123) or Y(124) - or oxides of 
thallium, barium, calcium and copper - or the 

30 superconducting phase (Tl(1223) or oxides of mercury, 
barium, calcium and copper. 

According to the invention, each core is 
enclosed in cross-section by at least one sheath and by 
a casing. For example, a sheath arranged between the 

35 core and the casing and, for example in addition to this 
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inner sheath, another outer sheath enclosing the casing 
or possibly only one sheath enclosing the casing can be 
provided. Furthermore, for example, a casing directly 
adjacent to the core and enclosing the latter can be 
5 formed for each core, which casing then in turn is 
enclosed by a sheath. 

Each sheath enclosing an individual core and 
possibly a casing comprises a metallic material and is 
essentially electrically conducting. Each casing 

10 comprises at least one metal oxide and is, at least to a 
certain extent, electrically insulating or should at 
least have a substantially greater specific electrical 
resistance than the sheaths. 

The cores serving for the formation of the 

15 conductor and provided with sheaths and casings are 

gathered into a bundle, for example by means of a tube 
or bundle sheath enclosing them, and, according to the 
invention, are together lengthened by forming. Forming 
is preferably effected in a plurality of steps . 

20 According to the invention, the cores, sheaths and 

casings were subjected together - i.e. for example after 
they were gathered into a bundle by means of a tube or 
bundle sheath - to at least one heat treatment in an 
oxygen-containing environment. This or at least one 

25 heat treatment serves as reactive annealing in order to 
form an end core material with the desired, ceramic, 
superconducting phase from the previously present 
starting core material or core-forming material by a 
chemical reaction . 

30 According to the invention, the casings are 

formed from a casing material which comprises at least 
one metal-oxygen compound even before the heat 
treatment. If the cores provided with sheaths and 
casings and gathered into a bundle are subjected to a 

35 plurality of heat treatments, the casing material should 
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comprise at least one metal-oxygen compound preferably 
even before the first of these heat treatments and in 
particular before the or each heat treatment serving for 
the formation of the superconducting phase - i.e. 
5 reactive annealing - and namely preferably also before 
the gathering of the cores into a bundle and before the 
forming of the cores gathered into a bundle. 

Because the casing material comprises at least 
one metal-oxygen compound even before said heat 

10 treatment, it is possible to choose the or each metal- 
oxygen compound contained in the casing in such a way 
that it does not react with the core material in the or 
each heat treatment and that the or each metal-oxygen 
compound is itself also stable in the or each heat 

15 treatment and the casings are also not damaged by the 
heat treatment (s) , 

The sheaths and casings should be permeable to 
oxygen. The sheaths are preferably formed from a sheath 
material which at least for the most part is metallic 

20 and at least for the most part remains metallic and 

electrically conducting, i.e. is not oxidized, up to the 
completion of the conductor. The sheath material may, 
for example, originally consist of pure silver or of 
silver alloy which, for example, is formed for the most 

25 part by weight of silver and additionally contains at 
least one of the metallic elements, antimony, gold, 
copper, magnesium, manganese, titanium, aluminum. The 
proportion of any addition to silver in the sheath 
material may be, for example, at most equal to or less 

30 than 2% by weight in the case of magnesium and/or 

manganese, at most equal to or less than 0.5% by weight 
in the case of antimony and at most equal to or less 
than 10% by weight in the case of gold. While the 
silver contained in the sheaths and any gold likewise 

35 contained therein remains or remain metallic and 
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electrically conducting during the heat treatment or 
treatments, any antimony, copper, magnesium, manganese, 
titanium and/or aluminum contained in the sheaths is 
oxidized at least to a large extent during the heat 
5 treatment or treatments. The sheaths of the finished 

conductors then consist of a composite having a metallic 
matrix and oxide islands or oxide particles distributed 
in said matrix. If each core is enclosed both by an 
inner and by an outer sheath, the two sheaths may 

10 consist of the same or different materials . 

Furthermore, at least one sheath enclosing an individual 
core may have two or more layers which consist of 
different materials . 

In an advantageous further development of the 

15 process, the or each metal-oxygen compound contained in 
the casing material consists of a metal oxide or of a 
compound similar to metal oxide and is binary, ternary, 
quaternary or quinary. The casing material contains, as 
the metal-oxygen compound and/or metal oxide, preferably 

20 titanate and/or zirconate and/or hafniate and/or 

magnesium oxide and/or zirconium oxide and/or hafnium 
oxide and/or bismuth oxide and/or thallium oxide and/or 
yttrium oxide. The casing material may contain-, for 
example, barium zirconate - BaZrC>3 - and/or barium 

25 titanate - BaTiC>3 - and/or the zirconium oxide ZrC>2. 

The casing material may furthermore contain, as metal- 
oxygen compounds or metal oxides, identical or similar 
ceramic materials, i.e. oxide mixtures, as also used in 
the formation of superconducting phases - for example 

30 phases Bi(2212), Bi(2223), Tl(1223), Tl(2223), Y(123), 
Y(124) . However, the choice and the composition of the 
casing material must then be tailored to the core 
material and the operating or use temperature intended 
for the operation and the use of the conductor in such a 

35 way that the critical temperature or transition 
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temperature of the ceramic material contained in the 
casing is lower than the critical temperature of the 
core material and lower than the operating or use 
temperature of the conductor. If necessary, a small 
5 proportion of an additional material which lowers the 
critical temperature can be added to the ceramic 
material contained in the casing. The casing material 
may then also contain, for example, a small proportion 
of at least one oxide of at least one rare earth and/or 

10 of at least one of the elements iron, nickel, cobalt. 
If such a conductor is then cooled to the intended 
operating or use temperature, and the cores become 
superconducting, the casings then remain electrically 
insulating, as at room temperature. 

15 The casing material or - if, for example, it 

initially still comprises a liquid and is formed by 
dispersion - the solid component or phase of the casing 
material may, for example, originally consist 
exclusively of at least one metal-oxygen compound. 

20 However, the casing material may originally also 

comprise, in addition to at least one metal-oxygen 
compound, a metallic material which preferably contains 
silver and consists, for example, of pure silver or of a 
silver alloy. For example, the casing material may 

25 contain originally - i.e. before the or each heat 

treatment - at least one of the metals gold, copper, 
magnesium, titanium or aluminum, in addition to silver 
or possibly instead of it. If the casing material 
provided for the formation of the casings contains 

30 silver and/or gold, this is not oxidized during the heat 
treatment or the heat treatments and is still 
electrically conducting in the finished conductor. On 
the other hand, any copper, magnesium, titanium and/or 
aluminum contained in the casing material is oxidized at 

35 least to a large extent during the heat treatment or the 
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heat treatments in an oxygen-containing environment and 
then forms oxide islands and/or oxide particles in the 
casings. The proportion of the metallic material and in 
particular of the silver and/or gold in the total casing 
5 material should be such that the material which is still 
metallic and electrically conducting in the finished 
conductor forms no or at least almost no electrically 
conducting compounds extending from the inner surface of 
the casing continuously and without interruption to the 

10 outer surface thereof. The proportion of any silver 
and/or gold used for the formation of the casing 
material and preferably of the total metallic material 
in the mixture formed from the metallic material and the 
or each metal oxide is preferably at most 60% by weight, 

15 better at most 30% by weight and, for example, about 10% 
by weight or even less. 

The or each metal-oxygen compound contained in 
the casings is preferably particulate during the 
formation of the casings, i.e. before the joint forming 

20 of the cores provided with sheaths and casings. The 
particles of the or each particulate metal-oxygen 
compound of the casing material have particle sizes 
which are preferably at most 2 ym and, for example, 
about 0.5 pm or even less. 

25 Any metallic material additionally introduced 

for the formation of the casings can be mixed with the 
or each metal-oxygen compound, during the formation of 
the casing material, in such a way that as homogeneous a 
mixture as possible forms. The metallic material can, 

30 for example, be mixed in the form of particulate 

metallic material with the or each particulate metal- 
oxygen compound during the formation of the casing 
material. The particle sizes of the metallic particles 
are preferably at most 5 urn and, for example, about 1 p.m 

35 to 3 jim or even less. 
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Any silver and/or any metallic materials 
originally present in the casings and the particles 
consisting of at least one metal-oxygen compound are 
possibly separated at least partly from one another 
5 during forming and are pressed into various layers. The 
silver and/or other metallic material is then deposited, 
for example, on the sheaths present inside and/or 
outside the casings, so that each casing of the finished 
conductor then has, for example, a layer consisting 

10 predominantly of at least one metal-oxygen compound. 
The layers formed from the original casings and 
consisting predominantly of at least one metal-oxygen 
compound then form the most important part of the 
casings and hence the actual casings of the finished 

15 conductor. 

The casings formed at least for the most part or 
exclusively from at least one metal-oxygen compound are 
at least to some extent electrically insulating and/or 
have at least an electrical resistance which, in all 

20 directions, is substantially greater than that of an 
equally thick layer formed from sheath material. The 
specific • electrical resistance of a layer consisting of 
pure casing material should preferably be at least 10 
times, better at least 100 times and, for example, 6000 

25 times greater than that of a layer consisting of pure 
sheath material. In this context, it should be noted 
that the core-forming material, the sheath material and 
the casing material may interpenetrate one another 
slightly during the forming and during the at least one 

30 thermal treatment of the conductor at the originally 
present boundaries between the cores, sheaths and 
casings. The electrical resistance of each casing in 
the direction transverse and approximately at right 
angles to its longitudinal direction and to the 

35 longitudinal direction of the core enclosed by it is 
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expediently at least 10 times, preferably at least 20 
times, even better at least 100 times and, for example, 
even at least 1000 times greater than the resistance, 
measured in the same direction, of an equally thick 
5 layer coordinated with the relevant core and consisting 
of sheath material- The electrical resistance between 
the various cores, measured transverse to the longitudi- 
nal direction of the conductor and of the cores, is 
accordingly, in the case of the conductor according to 

10 the invention, expediently at least 10 times, preferably 
at least 20 times and even better at least 100 times 
greater than in the case of a conductor not according to 
the invention, in which the casing is absent and/or has 
been replaced by a layer of sheath material which has 

15 the same shape and the same thickness. 

The casings of the finished conductor have a 
thickness which is preferably at least 0.1 pm, 
preferably at most 5 um and, for example, 0.2 pm to 
2 jam. It is therefore experimentally difficult directly 

20 to measure the electrical resistance and the specific 
electrical resistance of the casings of a finished 
conductor. However, it is possible, for example, to 
pass eddy currents having different frequencies through 
a conductor and to measure, at various eddy current 

25 frequencies, the energy losses caused by eddy currents. 
The frequency at which the losses are maximum is then a 
measure of electrical resistance of the sheaths and 
casings . Comparative measurements of this type between 
conductors according to the invention and comprising 

30 casings and conductors not according to the invention 
and without casings have shown that the casings result 
in an increase in the resistance, measured transverse to 
the cores, in the regions stated in the preceding 
paragraph. 

35 If each core of the finished conductor is 
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enclosed by a sheath which is arranged between the core 
and the casing and is directly adjacent to the core, 
this sheath bridges, in the longitudinal direction with 
low longitudinal resistance, any gap in the core 
5 enclosed by it. 

On the other hand, the various cores of the 
finished conductor are more or less completely 
electrically insulated from one another by the casings. 
A conductor according to the invention can be used, for 

10 example, for the formation of a winding of a transformer 
or of another apparatus. If an eddy current is passed 
through a conductor according to the invention, no or at 
most weak current eddies or current loops passing 
through a plurality of different cores can therefore 

15 form. Accordingly, losses of electrical energy due to 
eddy currents and in particular eddy current coupling 
losses resulting from the. coupling between the various 
cores can be greatly reduced or even virtually 
completely avoided . 

20 

Brief description of the drawing 

The subject of the invention and further 
advantages thereof are now explained with reference to 
embodiments shown in the drawing. In the drawing, 
25 Fig. 1 shows a cross-section through an obliquely 

arranged, cylindrical, rod-like workpiece which serves 
for forming a core and parts of a conductor which 
surround said core, 

Fig. 2 shows a cross-section through an obliquely 
30 arranged workpiece having a hexagonal cross-section and 
formed by forming the workpiece shown in Fig. 1, 
Fig. 3 shows a cross-section of a starting 
conductor comprising workpieces formed according to Fig. 
2 , 

35 Fig. 4 shows a schematic end view of a part of the 
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conductor having 19 cores and formed by forming the 
starting conductor shown in Fig. 3, 

Fig. 5 shows a photographed cross-section through a 
partly formed conductor having 30 cores, 
5 Fig. 6 shows a photographed cross-sectional region 

of the conductor shown in Fig. 5, after the forming and 
after the complete thermal treatment, 

Fig. 7 shows a schematic end view of a part of a 
conductor which was formed from workpieces without an 
10 outer sheath, 

Fig. 8 shows a view, analogous to Fig. 2, of a 
workpiece in which the casing is directly adjacent to 
the core, and 

Fig. 9 shows a simplified end view of a conductor 
15 having cores which have differently oriented broad 
sides . 


Description of the preferred embodiments 

For the manufacture of a conductor, for example 

20 a ribbon-like one, having a plurality of superconducting 
cores, for example containing the phase Bi(2223), oxides 
and carbonates of the metals bismuth, lead, strontium, 
calcium and copper are provided as starting materials. 
For example, the following oxides and carbonates may be 

25 used: Bi 2 C>3, PbO, SrCC>3, CaCC>3 and CuO . However, it 
should be noted that other oxides and carbonates or 
precursor substances thereof may also be used. 

The oxides and carbonates are processed by 
precipitation and/or milling to give a f ine-particled 

30 powder and are mixed with one another to give a powder 
mixture which serves as particulate core-forming 
material . The ratios of the various oxides and 
carbonates are established on mixing so that the core- 
forming material contains the metal atoms, for example, 

35 in the composition Bii. 72 , Pb 0 .34f Sri. 8 3, Cai.97, CU3.13. 
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The particulate, originally electrically 
nonconducting starting core material or core-forming 
material is calcined at least once and, for example, 
several times for several hours at a temperature of 
5 about 800°C in an air-containing environment. During 

the calcination, some of the particulate mixture may be 
converted into the crystalline phase Bi(2212) by a 
reaction. The calcined core-forming material is milled. 

A rod-like workpiece 1 shown in Fig. 2 is then 

10 produced for each conductor core to be formed. This has 
an inner starting sheath 4 formed from a hollow 
cylindrical tube. Said sheath encloses, in cross- 
section, a starting core 3 consisting of particulate 
starting core material or core-forming material. The 

15 interior of the inner starting sheath 5 is closed at 

both ends so that the particulate core-forming material 
does not fall out and can absorb neither water nor 
carbon dioxide from the surrounding air. The inner 
starting sheath 5 is enclosed in cross-section by a 

20 casing 5. The casing 5 is enclosed in cross-section in 
turn by an outer starting sheath 6. 

The starting sheaths 4 and 6 consist, for 
example, of pure silver or one of the other materials 
which are stated in the introduction and can be used for 

25 forming sheaths. In the production of the workpieces 1, 
for example, an inner starting sheath 4 and an outer 
starting sheath 6 are first formed for each workpiece. 
These starting sheaths are cut, for example, from 
commercially available, longer tubes. 

30 For the formation of the casings 5, for example, 

pure particulate barium zirconate (BaZrOa) and pure, 
particulate silver are prepared or acquired. 
Particulate barium zirconate is then mixed with 
particulate silver so that as homogeneous a mixture as 

35 possible forms, which contains, for example, about 10% 
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by weight of silver. This mixture is also mixed, for 
example, with a liquid which, for example, consists at 
least to a large extent or completely of alcohol or 
another organic solvent and/or dispersant. The liquid- 
5 solid mixture or suspension formed is then applied to 
the outer surface of the inner starting .sheath 4, for 
example with the aid of a brush or by spraying on, so 
that the casing material forms a coating adhering to the 
inner starting sheath 4 . The inner starting sheath 4 

10 coated with a starting casing 5 and the outer starting 
sheath 6 are then inserted one into the other. The 
liquid solvent and/or dispersant which serves for 
forming the casings then evaporates and/or vaporizes 
again so that only the solid casing material is left. 

15 That component or phase of the casing material 

serving for forming the casings which is formed from 
solid particles, and the casing material remaining after 
the solvent and/or dispersant has escaped, may consist 
exclusively of BaZr0 3 or another casing material stated 

20 in the introduction, instead of consisting of a BaZrC>3- 
silver mixture. 

There are also other possibilities for 
introducing the casing material between the inner and 
outer sheaths. For example, the sheaths 4 and 6 having 

25 no casing material can be inserted one into the other 

and, at the same time and/or afterward, dry, pulverulent 
casing material can be introduced between the two 
sheaths . 

Before or after the starting sheaths 4 and 6 
30 have been inserted one into the other, particulate, 

calcined and milled core-forming material is filled into 
the interior enclosed by the inner starting sheath 4 and 
the starting core 3 is thus formed. The inner cavity of 
the inner starting sheath 4 is then closed at both ends. 
35 Each inner starting sheath 4 has, for example, 
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an external diameter of 5 mm to 10 mm. The internal 
diameter of each inner starting sheath and the diameter 
of the starting core 3, which is identical to this 
internal diameter, is, for example, 50% to 80% of the 
5 external diameter of the inner starting sheath 4 . The 
radially measured thickness of the casing 5 is 
substantially smaller than the correspondingly measured 
thickness of the inner starting sheath 4 . 

Each elongated, cylindrical workpiece 1 is 

10 formed, for example, by drawing and/or pressing to give 
the workpiece which is shown in Fig. 2, has the shape of 
a regular hexagon in cross-section and is likewise 
denoted by 1. This forming is preferably carried out by 
cold-forming, i.e. at normal room temperature. The 

15 workpiece 1 becomes longer and thinner during this 
forming and is then rod-like and or wire-like. 

Furthermore, a starting bundle sheath 8 shown in 
Fig. 3 is produced, for example cut from a longer tube. 
The sheath 8 consists, for example, of pure silver or 

20 another sheath-f orming material stated in the 

introduction. The starting bundle sheath 8 is, for 
example, a hollow cylinder. 

Workpieces 1 having a hexagonal cross-section 
are inserted into the starting bundle sheath 8 so that 

25 they form a workpiece bundle 11 held together by said 
sheath. The workpieces rest with pairs of their 
surfaces against one another and together form a "close 
packing" which fills the interior of the starting bundle 
sheath 8 as substantially as possible. the starting 

30 bundle sheath 8 may contain, for example, 9 or 19 or 37 
or an even larger number, permitting "close packing", of 
workpieces 1. The dimensions of the workpieces 1 and of 
the starting bundle sheath 8 are, for example, tailored 
to one another so that the "close packed" workpiece 

35 bundle fits into the sheath 8 in such a way that some 
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workpieces distributed around the axis of the bundle 11 
and forming apices of a regular envelope polygon 
surrounding said bundle rest tightly or with at most 
little play against the cylindrical inner surface of the 
5 starting bundle sheath 8. The workpiece bundle 11, 

together with the starting bundle sheath 8, then form a 
starting conductor denoted by 21. The diameter or - 
more precisely - external diameter of the starting 
conductor is preferably at least 20 mm and, for example, 

10 40 mm to 120 mm. 

The starting conductor 21 and the cores 3, 
sheaths 4, 6 and casings 5 present therein are now 
formed, i.e. lengthened, in a plurality of steps. The 
cross-sectional area of the conductor is gradually 

15 reduced, and the interior spaces which are shown in Fig. 
3 and are present in the starting bundle sheath 8 and 
empty, i.e. contain only air, disappear. 

The starting conductor 21 having a cylindrical 
outer surface is first formed, for example, by extrusion 

20 and/or hammering and/or drawing to give an intermediate 
conductor which is wire-like, i.e. still approximately 
or exactly circular in cross-section. This intermediate 
conductor is possibly rotated about its longitudinal 
axis so that the conductor parts originally formed by 

25 the workpieces 1, and the cores of said conductor parts, 
are twisted. The intermediate conductor having 
straight, parallel or twisted cores is now rolled in a 
plurality of rolling operations and is formed into an 
elongated, ribbon-like conductor. The forming of the 

30 starting conductor 1, first effected by extrusion, is 
then carried out, for example, by hot forming, the 
temperature during the hot forming being substantially 
less than 800°C. The remaining forming steps can then 
be carried out, for example, by cold forming, i.e. at 

35 normal room temperature. However, the conductor may be 
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formed, at least during the final rolling operation or 
during the final rolling operations or even during all 
rolling operations, by hot forming at a temperature of, 
for example, 500°C to 800°C. 
5 The metallic sheaths 4, 6, 8 are ductile and are 

plastically deformed during forming of the conductor. 
The core material consists, at least originally, of 
individual particles which, during the forming of the 
conductor, are both pushed against one another and 

10 individually more or less plastically deformed, 

restructured and textured. Any metallic material 
contained in the casings 5 is plastically deformed 
during the forming of the conductor. Those particles of 
the casings 5 which consist of a metal-oxygen compound, 

15 for example of barium zirconate, are in particular 
pushed against one another and possibly also 
individually plastically deformed during the forming of 
the conductor. Otherwise, the particles present in the 
cores and/or those present in the casings are possibly 

20 bonded to one another more or less firmly, for example 
sintered together to a certain extent, by the pressure 
and/or the heat during the forming and the subsequent 
heat treatments described in more detail . 

Between successive forming steps and/or after 

25 the end of the forming, the conductor is subjected to at 
least one heat treatment - i.e. reactive annealing - in 
an oxygen-containing environment. Reactive annealing is 
carried out in particular between the penultimate and 
the final rolling operation. Preferably, however, at 

30 least one heat treatment each takes place before the 
penultimate rolling operation and after the final 
rolling operation. In the or each reactive annealing, 
the conductor is heated to a temperature of at least 
790°C, preferably at least 800°C and, for example, 820°C 

35 to 830°C or up to 840°C. During the reactive annealing 
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or the reactive annealings, the conductor is annealed, 
for example, for at least 100 hours in a gas mixture 
containing, for example, 0.1% by volume to 20% by volume 
of oxygen or possibly in air. 
5 During these heat treatments, the material of 

the cores of the conductor is converted in a manner 
known per se, at least to a major extent and virtually 
completely, into the phase Bi(2223). The heat 
treatments are also accompanied by a gas exchange, in 

10 particular an oxygen exchange, in which the cores 

release and/or absorb gas, in particular oxygen, through 
the sheaths consisting at least partly of silver and 
through the casings. 

The starting core 3, the starting sheaths 4, 6 

15 and the starting casing 5 of the originally cylindrical , 
workpieces 1 are lengthened, for example at least 10 
times, during the forming of said workpieces into 
hexagonal workpieces and during the subsequent forming 
of the starting conductor 21. The cross-sectional areas 

20 of the workpieces 1 are reduced by a factor which is 
approximately equal to the square of the lengthening 
factor . 

The finished, elongated conductor produced by 
the process described and shown in Fig. 4 is denoted by 

25 21, similarly to the starting conductor shown in Fig. 3. 
Furthermore, the cores, inner sheaths, casings, outer 
sheaths and the bundle sheath of the finished conductor 
in Fig. 4 are also denoted by the same numbers as the 
corresponding starting parts in Fig. 3. 

30 The finished conductor 21 shown in Fig. 4 is 

ribbon-like and approximately rectangular in cross- 
section and has two broader, essentially flat and 
parallel surfaces 21a facing away from one another and 
two narrower, possibly likewise at least partly flat 

35 and/or at least partly convex surfaces 21b facing away 
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from one another. Those cores 3 of the finished 
conductor which were formed from the starting cores 3 
are superconducting at sufficiently low temperatures. 
Each core 3 of the finished conductor is enclosed in 
5 cross-section by an electrically conducting sheath 4. 

Each sheath 4 of the finished conductor is surrounded in 
cross-section by an electrically insulating, oxygen- 
permeable casing 5 consisting, for at least the most 
part, of barium zirconate. In the various forming 

10 steps, the outer sheaths 6 and the bundle sheath 8 were 
at least substantially connected to one another in such 
a way that they are virtually cohesive in the finished 
conductor and form an electrically conducting matrix 
denoted by 29 in Fig. 4. The contours of the outer 

15 sheaths 6 are therefore indicated only by dash-dot lines 
in Fig. 4. In Fig. 4, the cores 3 are drawn 
schematically as rectangles whose broader sides are 
parallel to the broader surfaces 21a of the ribbon-like 
conductor 21. However, it should be noted that the 

20 cores 3, in an end view and in cross-section, actually 
have shapes which are more irregular and differ from 
rectangles. The same applies to the sheaths 4 and 6 and 
the casings 5 . 

The width, i.e. the larger cross-sectional 

25 dimension of the finished conductor 21 measured parallel 
to the flat sections of the broader surfaces 21a, is 
preferably at least 1 mm, and, for example, 2 mm to 
10 ram. The thickness of the conductor 21, measured at 
right angles to the width, is preferably at most 30% 

30 and, for example, about 5% to 20% of the width, for 
example 0.1 mm to 0.5 mm. 

The widths, i.e. the larger cross-sectional 
dimensions of the cores 3 measured parallel to the 
broader surfaces 21a of the finished conductor 21, are, 

35 for example, about 30 jam to 150 pm. The thicknesses, 
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i.e. the smaller cross-sectional dimensions of the cores 
measured at right angles to the surfaces 21, are, for 
example, in the range from 5 jam to 20 jam. The inner 
sheaths 24 have, for example, thicknesses of a few 
5 micrometers. The thicknesses of the insulating casings 
are, for example, in the range from 0.1 or 0.2 \im to 
2 pm or possibly to 5 jam. 

The conductor 21 photographed in various phases 
of the process in Figures 5 and 6 was manufactured by a 

10 process similar to that described with reference to 
Figures 1 to 4, but is formed from 30 workpieces 
corresponding to the workpieces 1 and accordingly 
contains 30 cores 3. Fig. 5 shows the state of the 
partly, but not yet completely, formed conductor after 

15 some rolling operations, before the reactive annealing 
or the reactive annealings. Fig. 6 shows a section of 
the finished conductor 21, which after the complete 
forming and after the or each reactive annealing of the 
conductor. The inner sheaths and the casings are 

20 denoted by 4 and 5, respectively, in Figures 5 and 6, as 
in Figures 1 to 4. In the case of the conductor 21 
shown in Figures 5 and 6, the original outer sheaths 6 
and the original bundle sheath 8 together once again 
form a more or less cohesive matrix 29. 

25 Investigations have shown that the casings 5 of 

the finished conductor which are formed from barium 
zirconate and silver or exclusively from barium 
zirconate or at least essentially from magnesium oxide 
(MgO) - in contrast to the casings which are disclosed 

30 in WO 96/28 853 A, consist originally of nickel and then 
oxidized - have no unfavorable effects at all on the 
superconducting properties of the cores during the heat 
treatments and the remaining process of manufacture. It 
was found in particular that the transition temperature 

35 or critical temperature of the cores is not lowered by 
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the casings according to the invention in comparison 
with the conductors without such casings . Similarly, 
microscopic investigations of sections through 
conductors according to the invention have shown that 
5 the casings 5 enclose the internal sheaths 4 and hence 

also the cores 3 in cross-section over the entire length 
of the conductor, at least almost without gaps and 
completely . 

The elongated, ribbon-like conductor shown in 

10 Fig. 7 has a plurality of cores 33 which are 

superconducting when the conductor is used. Each core 
33 is enclosed in cross-section by an electrically 
conducting sheath 34 which in turn in cross-section is 
surrounded by an electrically insulating casing 35. The 

15 conductor 31 furthermore has a bundle sheath 38 which 
encloses the bundle of the cores 33 and the sheaths 34 
coordinated with them, as well as casings. The 
conductor 31 has no outer sheaths corresponding to the 
outer sheaths 6 of the conductor 21, so that, in the 

20 conductor 31, casings 35 coordinated with different 
cores 33 abut one another. 

The workpiece 41 shown in Fig. 8 was formed in 
the same way as the workpiece 1 shown in Fig. 2, so that 
it is hexagonal in cross-section. The workpiece 41 has 

25 a core 43, a casing 45 enclosing said core and directly 
adjacent to said core, and a sheath 46 enclosing said 
casing, but no sheath corresponding to the inner sheath 
4 of the workpieces 1. It is possible to produce a 
plurality of workpieces 41 and to form a conductor 

30 therefrom analogously to the formation from workpieces 
1. 

The conductor 51 shown in Fig. 9 is in an 
intermediate phase of the manufacturing process and has 
a plurality of workpieces 61 which are rectangular in 
35 cross-section and are shown only in simplified form. 
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Each of said workpieces 61 has, as in the case of a 
workpiece 1, for example, a core, an inner sheath, a 
casing enclosing the core and the inner sheath, and an 
outer sheath, but may also have a structure analogous to 
5 that of the workpieces serving for the formation of the 
conductor 31 or analogous to that of the workpiece 41. 
The conductor 51 furthermore has a bundle sheath 68 
whose outer surfaces form the outer surfaces of the 
entire conductor 51. The workpieces 61 are divided into 

10 a middle group and two lateral groups arranged on sides 
of said middle group which face away from one another. 
Each lateral group contains half as many workpieces as 
the middle group. The broad sides of the workpieces of 
the middle group are parallel to the broad sides or 

15 broader outer surfaces of the entire conductor. The 

broad sides of the workpieces of the two lateral groups 
are parallel to the narrow sides or narrower outer 
surfaces of the entire conductor. A finished conductor 
can be formed from the conductor 51 shown in an 

20 intermediate state in Fig. 9, by forming and at least 
one heat treatment. Said finished conductor then 
contains a middle group of cores and two lateral groups 
of cores whose broad sides are generally approximately 
parallel or approximately at right angles to the broader 

25 outer surfaces of the conductor. 

The conductors and the process for their 
manufacture can also be modified in other ways. For 
example, in the forming of a starting conductor to give 
a finished conductor, the rolling can be replaced by 

30 drawing so that the finished conductor is roundish and 
is, for example, approximately or exactly circular in 
cross-section or, for example, approximately forms a 
regular hexagon. 

Reference is once again made to WO 96/28 853 A 

35 which was cited above and whose content is hereby 
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incorporated in the present Patent Application, provided 
that there are no contradictions. 


